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(57] ABSTRACT

A synergistic mixture comprising an alkynyl cycloalk-
anol and N,N'-dicycloalkyl-thiourea and
polyaminomethylenephosphonate 1s used as an inhibi-
tor in protecting metals from acid attack when clean-
ing said metals with an acid solution.
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CORROSIVE INHIBITOR COMPOSITIONS

BACKGR.UND OF THE INVENTION

Metals which are used to form apparatuses comprls-

ing recrrculatmg water systems, steam boilers and other
related equrpment are subject to the formation of scale
which are water-formed deposits. For example, in one
- 1llustrative example the scale which'is formed on the
surfaces of these systems would beé the calcium carbon-
ate scale-which builds-up during the use of the aforesaid

equipment. . One method: of removing ‘scale deposits
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from the metal surfaces of, for example, a recirculating

cooling water system-consists in treating the metal with
a hydrochleric-acid solution. However, during this acid
cleaning procedure, extreme care must be ‘observed in
order. to protect the metal against.being eaten away or
eroded by the acid. In addition to the descalmg opera-
tion, similar precautions must be exercised in other
acid cleaning operations or in acid pickling operations
whereby the metal. must not be harmed and must be
protected agamst excessive destructron hy the acid
during the cleaning steps. Therefore in order to pro-
tect these metals frorn acid attack whlle descaling or
engaging in other Operatrons various inhibitors must be
added to the acid and made a part of the formulation.

This mventlon relates to novel 1nh1b1tor composrt:ons
-which are added to an acid solutlon and whrch serve to
protect the metal when said acid’ solution.is used i in a
- métal cleaning’ operatlon More partlcularly, the inven-
“tion is concerned with a novél synergistic mixture ‘of
‘compounds whereby the' métal which ‘is being treated
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will be protected to a greater éxtent by the use thereof .

- ‘than when. utlhzmg one or both of the other compo-
- nents of the ‘synergistic: mixture. Lo T
- +As hereinbefore set: forth, it is rmperatwe that the
metal which is utilized in various: cooling 'systems, ei-
ther once: through-or:recirculating - in ‘nature; steam
boilers,.etc. must be protected against“corrosive attack:
when being treated .with an acid solution in: a'descaling
or..cleaning - operation. . A-- particular: :application in
which the novel synergistic inhibitor mixture of the
present invention may be used is;the. removal of scale
deposits in borlers which are used to generate steam or
In coolmg water systems or other operations. -

“Scale deposrts tend to and are formed by the po]yva—
lent ions which are contained in the water. The deposits
" which form' the scale usually comprrse salts such: as
calcmm sulfate, ‘calcium carbonate, the correspondlng
barium salts, etc. Although heretofore metal protecting
inhibitors have been added to the acid solutions to
protect the metals from acid’ attack whien subjectmg the
systems to‘a cleaning operatlon it will be hereinafter
shown in greater detail that it has now been discovered
that a I‘IOVel synergistic mixture may be prepared which
will protect the ‘metal’from acid attack to a much
greater degree than ‘hds heretofore been: expected

It is therefore an object of thls mventlon to provrde a
novel inhibitor composition. - |

A further ob_]ect of this invention:is to provrde a novel-

synergistic mixture which acts ds a corrosion inhibitor
and will prevent the attack of metals from a dorrosive

action resultmg from the use of chld solutron ina clean—i

Ing operation, - ;. :i} i
In one aSpect an

.....

sides in the: synerglstlc mixture. of from . about 30% to

about 40% by weight of an. alkynyl cycloalkanol, .of
from about 30% to about 40% by weight of an.N,N’-
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dicycloalkyl-thiourea and from about 30%:to about
40%. by, weight of polyarmnomethylenephosphonate

A specrf iIc embodiment of this invention resides in a
synergistic mixture of from about 30% to about-40% by
welght of ethynyl cyclohexanol, from about 30% to
about 40% by welght of N,N’-dicyclohexyl- thiourea
which is prepared as composition containing from
about 5% to about 20% by weight of N,N'-dicyclohex-
yl-thiourea, from about 40% to about 80% by weight of
N N'-dlmethylacetamlde and from about 5% to about
30% by weight of polyoxyethylene or polyoxypropyl-
ene derivatives and from about. 30% to about 40% by
weight of polyaminomethylenephosphonate. . |
-Another specific embodiment .of this invention re-
lates to a method for removing scale from a metal sur-
face in a boiler used to generate steam-from water
which comprises treating said surface with an acid
solution containing a synergistic mixture of from about
30% to about 40% by weight of an alkynyl cycloalk-
anol, of from about 30% to about 40% by weight of an
N N’-dicycloalkyl-rthiourea and from :about 30% to
about 40% by welght of polyammomethylenephos--
phonate. o |

Other. objects and embodlments wrll be found in the

~ following further detailed. description of the invention.

.*As hereinbefore set forth, the present invention is
concerned with a novel synergistic mixture of com-:
pounds-which act as inhibitors in protecting metals
from .acid attack when the metals are subjected to.a

- cleansing .operation to remove water-formed deposits

from the surface thereof. One component of the novel

synergistic mixture will comprise an alkynyl cycloalk-

anol in which the alkynyl portion of the molecule will
contain from about 2 to about 5 carbon atoms and the

- ¢cycloalkanol portion of the molecule will contain from

3 to about 8 carbon atoms in the ring. Some specific
examples of these compounds will include ethynyl cy-
clopropanol, ethynyl cyclobutanol, ethynyl cyclopen--
tanol, ethynyl cyclohexanol, ethynyl cycloheptanol,
ethynyl cyclooctanol, propynyl cyclopropanol, propy-
nyl cyclobutanol, propynyl cyclopentanol, propynyl
cyclohexanol, propynyl cycloheptanol, propynyl cy-
clooctanol, butyny! cyclopropanol, butynyl cyclobu-
tanol, butynyl cyclopentanol, butynyl cyclohexanol,
butynyl cycloheptanol, butynyl cyclooctanol, pentynyl
cyclopropanol, pentynyl cyclobutanol, pentynyl cyclo-
pentanol, pentynyl cyclohexanol, pentynyl cyclohep-
tanol, pentynyl cyclooctanol etc. Of the aforemen-

~tioned alkynyl cycloalkanols the preferred compound‘_:
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comprises ethynyl cyclohexanol. - |

The second component of the synerglstlc mixture of
inhibitor compounds comprises an'N,N’-dicycloalkyl-
thiourea. The dicycloalkyl derivatives may contain

from 3 to about 12 carbon atoms in the cycloalkyl ring,
‘the preferred compound comprising N,N’-dicyclohex-

yl-thiourea. The aforementioned N N'-dicycloalkyl thi-
ourea preferably is utilized as a 5% to 25% by weight
solution or suspension in a water soluble solvent, emul-
sifier, dispersant, or the like. |

“Any suitable water soluble solvent, emulsrﬁer disper-

sant or-the like may be used 'and may be selected from
one or more of the following: (1) alcohols including

methanol, ethanol, propanol, butanol, etc., (2) glycols
including ethylene glycol, diethylene’ glycol, propylene
glycol, dipropylene glycol, dimethylethylene glycol,

trimethyldiethylene glycol and higher molecular weight
polyethylene glycols.or polypropylene glycols, (3) ke--
tones including -acetone, methyl ethyl ketone,. diethyl.
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ketone, methyl propyl ketone, “ethyl propyl ketone,
dlpropyl ketone, etc., (4) polyoxyethylene ether, poly-

oxypropylene ether, methoxy polyethylene glycol etc.,.
(5) dlmethylformamlde drmethylacetamrde dlethylac-.

etamide, dipropylacetamide, dlmethylproplonamlde
diethylpropionamide, ‘etc., or (6) mi%tures thereof. A
particularly preferred mlxture used with the dicy-
clohexyl-thiourea is from about 5% to about 20% dicy-
clohexyl-thiourea, from about 40% to about 80% by
weight of N N'-dlmethylacetamlde and from about 5%
to about 30% by weight of polyoxyethylene and/or
polyoxypropylene derivative. The polyethylene glycols
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scope of this invention that the proportions of the three
components may vary somewhat. Therefore, it is.con-

templated that the alkynyl cycloalkanol, the N,N'-dicy-

cloalkyl-thiourea. and the: polyaminomethylenephos-

-phonate may be present in varying amounts each rang-

ing from about 30% to. about 40% by welght of the
finished composition. .
- In addition to the aforementloned three actwe com-
ponents of the corrosive inhibitor composition,itis also

§ contemplated that the inhibitor composition may con-

preferably have a molecular weight of from about 150 '

to about 1000 and more particularly from about 180 to

about 800. The particular compound or compounds
which are used will be selected with reference to the
particular  mixture ~ of alkynyl cycloalkanol,
polyaminomethylenephosphonate and dlcycloalkyl-thl-
ourea as well as the particular acid which is employed
and the particular type of metal surface which is to be
subjected to a cleansing operation. The combination of
the dicycloalkyl-thiourea, polyammomethylenephos-
phonate and the alkynyl cycloalkanol of the type here-

inbefore set forth in greater detail on an active ingredi-

ent basis may be in a concentration of from about 5%

to about 95% by weight and preferably from about 8%
to about 60% by weight. -

The third component of the synerglsttc mixture wrll

comprise polyammomethylenephosphonate Numer-
ous polyaminomethylenephosphonates are described in

15

tain a color indicator to permit visual observation of
loss of potency of the inhibitor composition. For exam-
ple, Methyl Violet may be included in the composition
to indicate loss of potency when the color changes from
violet to reddish. The amount of Methyl Violet will be

- sufficient for the purpose and may be used in an
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U.S. Pat. No. 3,336,221 and are incorporated herein by

reference. The polyammomethylenephosphonate may-;'

be lllustrated by the followmg structure
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amount of from: about 0.5 to about 10% by weight of
the inhibitor: composrtlon based on active mgredlents
although lower or higher concentrations may be used
as desired. It is understood that other surtable color
indicators may be employed o

In a preferred method, the mhlbrtor mlxture with or

wrthout color mdrcator is first prepared and then
added to an aqueous solutron of the acid. The specific
amount of inhibitor composition to be included in the
aqueous solution will be selected with reference to the

particular use thereof. For example, when used. for
descaling, the inhibitor composition will be determined
with regard to the amount and. type-of scale to be re-
moved. The. concentratron of inhibitor composition
may be within the range of from about 0.1 to about
1000 and preferably from about 0.1 to about 100 ppm
(parts per million) based on the acid, although lower or
higher. concentrations may be used as desired. The
appended examples illustrate suitable solutions.

~As hereinbefore -set .forth, inone. application the

. inhibitor composition of the present invention is used

in acid solutions to remove scale formation in boilers."
The scale is formed from water havmg high concentra-
tions of polyvalent ions,-and may comprlse one or more
of calcium salts, barium salts, magnesium salts, sodium

- salts, etc., such as the carbonate, sulfate, oxalate sil1-

45

where mislto3andnis3to15. Also mcluded are the
ammonium or alkaline metal salts thereof, or mixtures
of these. In. a preferred embodiment n in the above

structure is from about 8 to about 12. Typical proper-

ties of a preferred polyammOmethylenephosphonate in
which m in the above structure is 2 and n is about 10 18
stated to be substantially as follows o

. TABLE T L
o [tem o - Description .

Phosphorus, wt. % 10
pH 1.0
Density, pounds/gallon - 10.5
-Viscosity at 20° C., ¢cps ‘ 96
Color | .Dark Amber
Molecular weight - About 1200

The - - polyaminomethylenephosphonate will - ‘be
‘utilized as such or prepared as a solutlon or dnspersron'
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in" & suitable solvent, emulsifier, dispersant- or the

like, Wthh may be selected from those heremafter

set torth. . __
The aforementloned three components of the corro-

sive inhibitor composmon are usually present in'equal
amounts. However, it is also considered within the

.65

cate, etc. The scale deposits lead to plugging, pumping-
difficulties, loss of heat transfer, etc. Similar problems
OCCUur in coohng water systems and the removal of the
scale is necessary. to-insure -efficient operation. In an-

. other application, acid; solutions' are used to clean

metal surfaces mc]udmg, for example, in acid pickling
systems Regardless of-the particular acid treatment, it
is important to protect the metal from excesswe loss of
metal or other impairment thereof. - | |
'The acid treatment is effected in eonventlonal man-

ner using any suitable acid, meludmg hydrochloric,
sulfuric, - phosphorlc etc. These acid treatments are

well known in the. industry and accotrdingly need not be
descnbed in detail herein. The inhibitor composttlon 1S

-1ncorporated m the. acrd solutlon in any su:table man-

ner... . .
The followmg examples are set forth to 1llustrate the
novelty of the corrosive ‘inhibitor composmons of the \
present invention and their ability to act in a synergistic
fashion. However, these examples are given merely for

~purposes of illustration and are not intended to limit

the generally broad scOpe of the present invention in
strrct accordance therewith.
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" EXAMPLE 1

In this example a series of evaluatmns were madé in

which variousinhibitors were-admixed with-460 granis
of 15 Baume commercial:muriatic (hydrochloric) acid
and the mixture was diluted to 10% with distilled water.

Zinc strips of equal dimensions and of approximately

equal weight of 2.2 grams were used as the test strips.
In the tests, the zinc strips were immersed in the acid

which the results were then compared The N,N’-dicy-

S

solutions for a period of 21 hours at 70° F. following 10

clohexyl-thmurea which was used in this-example com-

prises a commercial product which is available under
the tradename “Mam 3387 and is believed to comprise
about 16% by weight of NN ‘-dicyclohexyl-thiourea,
about 60% by weight of N N'-—dlmethylacetamtde and
the remainder of a polyoxyethylene or a. polyoxypro-
pylene derivative . having a molecular weight of about
800. This compound will be designated DCT in the
fellowmg table. The polyammomethylenephesphonate
which is used in this example comprises a. commercial
product which is available under the tradename ‘“‘Fos-
tex S”’ and is designated as PMP in the follewmg table.
The alkynyl cycloalkanol which was used comprrses
- ethynyl cyclohexanol and is desrgnated as ECH in the
table.  As will be noted from the following table, 3
grams of the inhibitor or mixture of inhibitors were
added to the hydreehlonc acid. The results ef this test
are set forth m Table I 'below. |

TABLE (O
Test No. . Inhibitor . Time-Hours ‘Wt. Loss %
1 - None 523 - 100
3 3 gms ECH 4.5 100
4 3 gms PMP - 6.25 - 100
S 1.5 gms DCT 21 12.5
1.5 gms ECH ) o -
6 1.5 gms'DCT © - 21 39.1
- e .:.lsgl'l'IHPMP K e ) - -
7 1.5gmsPMP. . 65 100 -
- 7 1.5gms ECH |
8 LOgmsECH .. : . LR
. 1.0 gms PMP = . 21. . . 6.0 . .
1.0 gme DCT B o

4 . ‘- -
T . ' L] (N .o ' . ) .
* i - . #
-
1

It is readily apparent from the above-table that when
no inhibitor was present the zinc strip was completely
destroyed in 2.3 hours while when the individual com-
ponents of the novel corrosive inhibitor composition of

the present invention were added the zinc strip was.

completely destroyed in times ranging from 4.5 hours
to 19 hours. Likewise, when only the polyaminome-
thylenephosphonate and the ethynyl cyclohexanol
were present the strip was:also completely destroyed in

6.5 hours. In contradistinction to these figures it will be

noted that a considerable reduction in weight loss was
obtained when equal amounts of the three components
of the novel corrosive inhibitor composition were pre-
sent, the results of Test 8 showmg that only a 6% weight
loss occurred during the 21 hour period. This also con-
trasts to the results of Tests 5 and 6 which show twice
as much weight loss and over 6 times as much weight
loss occurring during the same period when only two
components of the mlxture were present in equal
amounts.

'EXAMPLE n

To illustrate the efficacy of the novel corrosion inhib-
itor composntlons of  the pre‘;ent mventlon a secendf

& 0

15

20 ©

25

30

35

40

6

series of tests. were, performed, in a. manner, sunﬁar_g to

that herembefore set forth In thls test mlld steel ,str:ps
of: equal, drmensmns and an, apprexgmate ﬁqual weight
of I'l grams were used. The acid solutions in which the
steel strips were immersed. cons:sted of. 20% d:stllled
water solunen of 15° Baume commercral hydroehlorrc

acid, the amounts of the corrosion inhibitors bemg
shown in Table Il below to 460 grams of acid. Each
strip was lmmersed in the acid solution for a period of

24 hours at a temperature of 65° C. The results ef this
--test are shown m Table Il below. -
TABLE III
Test Ne . Inhibitor Wt Loss P
1 . None 67.0
2 -~ 2gms DCT 3.5
3  2gmsECH 2.1
.4, . .2 gms PMP 1.8
. _:lgm pCcr. 0.7
- 1 mg ECH |
6. ¢ ... . . .1gmPMP 2.7
o lgmECH .. . - o
Y . 1gm DCT L
8 0.7 gm ECH
| 0.7 gm DCT 0.2
0 7

gm PMP

~ As in the results set forth in Table I the results in
Table IIl clearly indicate that a eombmatlen of the
three components of the corrosion inhibitor cempom-
tion exhibit a synergistic action in the prevention of
COTTOSton resultmg from imimersion in an acid solution,
the weight loss' of the steep strip when immersed in a

hydrochloric acid solution which contains 2.1 grams of

equal amounts of ethynyl cyclohexanol, N,N'-dicy-
clohexyl-thiourea and polyaminomethylenephosphon-
ate being only 0.2. The weight loss which is shown in
Tests 5, 6 and 7 show that said losses range from 3
times greater to 13 times greater when only two com-.
ponents of the mixture are present and correspondingly
greater percentages of weight loss when only one com-

- ponent of the mixture is present.
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EXAMPLE III

In like manner when equal amounts of propynyl cy-
clohexanol, N,N’-dicyclohexyl-thiourea and
polyaminomethylenephosphonate as well as equal

‘amounts of ethynyl cyclopentanol, N,N'-dicyclohexyl-

thiourea and polyammomethylenepheephonate are
admixed and used as. corrosion inhibitors in acid solu-
tions; it will be found that the aforesaid mixtures will
exhibit a synergistic effect with relation to the weight
loss of strips of zinc or mild steel which are immersed in
hydrochloric acid solutions as compared to the weight
loss which is exhibited when the aforesaid strips are
treated with a hydrochloric acid solution which does
not contain any corrosion inhibitor or where the hydro-
chloric acid solution contains only one or more of the
aforesaid components of the mixture, the weight loss of
the strips which are treated with an acid solution con-
taining the synergistic mixture being extremely small.

I claim as my invention:

1. The synergistic mixture of from about 30% to
about 40% by weight of a lower alkynyl cycloalkanol,
of from about 30% to about 40% by weight of an N,N'-
dicycloalkyl-thiourea and from about 30% to about

40% by welght of polyaminomethylenephosphonate.

2. The mixture of claim 1 in which sald alkynyl cy-

cloalkanol IS ethynyl eyclohexanel
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‘3. Thé mixture of claim 1 in which satd alkynyl cy-
clﬂalkancﬂ is propynyl cyclohexanol -
4, The mixture of clalm Lin: whlch sald alkynyl is
ethynyl- cyclopentanol: - -'
§. The mixture of claim 1 in Wthh sald N, N’-dlcy—
cloalkyl thlourea 18 N N'-dlcyclohexyl thlourea EA

i

|

6. The method of removing scale from a metal sur-
face in_a boiler used to generate steam from water
Wthh compnses treating. said surface with an acid

5 solution containing the synergistic mixture of claim 1.
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